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Abstract

Bottom sediment resuspension frequency, duration and extent (% of bottom sediments
affected) were characterized for the fifteen month period from September 1995 to January
1997 for the Barataria Basin, LA. An empirical model of sediment resuspension as a function

of wind speed, direction, fetch and water depth was derived from wave theory. Water column

turbidity was examined by processing remotely sensed radiance information from visible and '

near-IR AVHRR imagery. Based on model predictions, wind induced resuspension occurred
during all seasons of this study. Seasonal characteristics for resuspension reveal that late faﬁ,

winter and early spring are the penods of most frequent and intense resuspension. Model

predlctlons of the crmcal wmd speed requlred to mduce resuspens:on mdlcate that wmds of 4 '

m/s (avcraged over all wmd dlrecnons) resuspend approxunately 50% of bottom sed1ments in ~

the water bodies examined. Winds of this magnitude (4 m/s) occurred for 80 % of the time
during the late fall, winter and early spring and for approximately 30 % of the time during the
summer. More than 50% of the bottom sediments are resuspended throughout the year,

indicating the importance of resuspension as a process affecting sediment and biogeochemical

fluxes in the Barataria Basin.
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Introduction

The global flux of river sediment to coastal margins is on the order of 15 x 10° t/yr and is
largely (> 80%) derived from tropical and subtropical rivers (i.e. between the latitudes of
30°N and 30°S) (Milliman and Meade, 1983; Milliman, 1991). The importance of these
sediments in understanding element and pollutant transfer between the continents and
oceans is well documented (Meybeck, 1982; Martin and Whitfield, 1987; Martin and
Windom, 1991; Valette-Silver et. al., 1993). Coastal sedimentary deposits are a focal site
for the biogeochemical transformation of many elements and their study is critical in
understanding oceanic elemental mass balances and residence times (Holland, 1978;
Berner, 1982; Martin and Windom, 1991). Therefore, knowledge of sediment dynamics
in tropical and subtropical estuaries is important for understanding global biogeochemical-

budgets. However, much of our paradigm for how estuaries process materials is based on

studies of temnerate coastal environment

and Boynton, 1984; Ward, 1985; Demers and Therriault, 1987; Sanford, 1994; Canuel :.'

and Martens, 1996). Fundamental differences exist - between these estuarélef wee e -
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environments (e.g. estuary type, mixing structure, water depth, tidal influence) that BT
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" directly affect thg'vi}ay' mwhxchtropxcalwand subtropical estuaries procéss material in" -

comparison to temperate estuaries (Daif et al., 1989; Alongi, 1998).

Physical processes (e.g. vertical mixing and sediment resuspension) influence important
estuarine parameters such as: primary and secondary productivity, sediment mass flux,
and pollutant dispersal. Storms have previously been recognized as important forcing

mechanisms for sediment transport in coastal environments (Drake and Cacchione, 1985

s (Nixon, 1981; Nixson and Pilson, 1983; Kcmp T
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and 1986: Cacchione et al., 1987: Roberts et al., 1988; Moeller et al., 1993). In shallow,
micro-tidal coastal environments, wind induced waves can be the dominant physical
forcing mechanism (Ward, 1980: Solis and Powell, 1999). Mathematical models
describing wave formation and propagation have been developed by the U.S. Army
Corps of Engineers (Coastal Engineering Research Center (CERC), 1977 and 1984).
These models have been evaluated in coastal and lacustrine environments, and the results
have been shown to give good agreement with field measurements (Carper and

Bachmann, 1984; Schideler, 1984; Demers et al., 1987; Simon, 1989; Arfi et al., 1993).

The study of material transport in coastal environments requires the ability to analyze
features which vary dramatically both in time and space. This variability limits the utility
of in situ measurements for understanding the transfer and processing of materials in

coastal margins. However, data obtained from satellites can provide the synoptic

Gagliardini et al., 1984; Voillier and Sturm, 1984; and Stumpf, 1988). In particular, data - -

from the National Oceanic and Atmospheric Administration’s (NOAA) Advanced Very j -

L LAVIITDDY koo hana smeliad cossacafisllsy 20 tha o
. has been applied successfully in the study

coastal sediment dynamics (Stﬁinpf, 1987; Stumpf and PEnnock, 1?89; Stumpf et al.,,
1993). The AVHRR is an effective tool for the study of many coastal environments

because it provides daily global coverage, it has good radiometric resolution (i.e. ability

to distinguish smaller differences in radiance), and it has the dynamic range (i.e.,

saturation radiance) to study even the most turbid waters (Stumpf, 1987; Gagliardini et

al., 1993). The AVHRR instrument has a scanline (swath width) of 2048 pixels, a ground

e
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information required to study these complex environments (Gorden et al., 1983; °




resolution of 1.1 km and is equipped with 5 spectral bands, | visible channel and 4

infrared channels.

Here we combine a wind driven resuspension model with remote sensing techniques to

characterize sediment resuspension in the Barataria Basin, LA.

Study Area

General Description
The Barataria Basin is an interdistributary estuarine-wetland system located in southeast
Louisiana (Fig. 1). It is bordered on the north and east by the Mississippi River and on

the west by Bayou Lafourche. The basin has a total area of approximately 628,000

hectares (ha), including 202,000 ha of open water and 206,000 ha of marsh (Fig. 2;
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Conner and Day, 1987). Dominant morphological features include levees (natural apa
artificial), canals, bayous, bays, lakes, swamp and marsh wetlands, and barrier islands® -
(Conner and Day, 1987). The Barataria estuary may be characterized as a bar-built

T

lagoon; it is 5hallow with sandbars at the mouth and has a small tidal range (Adams et al

1976). The avefage ael;th of open water bodies is égprommateiy 2 i%etéts‘ (Céﬁner and "
Day, 1987). Tides in the basin are diurnal with an éverage range of 32 cm at the coast
(Baumann, 1987). On average, coastal Louisiana receives about 160 cm of precipitation
annually (Baumann, 1987). Presently, the basin is experiencing reduced freshwater input
(due to leveeing of the Mississippi River and surrounding waterways), increasing salinity

and wetland erosion, resulting in a rapid transition back to an open marine environment

(Madden et al., 1988).




Climate

The climate of the Barataria is largely controlled by its subtropical location and proximity
to the Gulf of Mexico (Sanders, 1978). Seasonal weather patterns for coastal Louisiana
are primarily influenced by two pressure systems; the Bermuda High and the Mexican
Heat Low (Leipper, 1954; Baumann, 1987). The Bermuda High is located over the
Bermuda-Azores area of the western Atlantic and is weakened and in a northerly location
during the winter, and strengthened and in a southerly location during spring and summer
(Schroeder and Wiseman, 1999). The Mexican Heat Low is located over Texas and is
well established during the summer (Baumann, 1987). The position and relative strength
of the Bermuda High imparts a steering effect on high pressure systems advancing

southward over the conterminous U.S., and ultimately determines the orientation and

southern extent of a front as it crosses coastal Louisiana. Thé Mexican Heat Lo‘w:.
influences the speed and direction of southerly dominant winds, during the summer . ° -
months, due to its position and strength. Therefore, during winter northerly winds are
dominant with northeasterly winds occurring most Vfrequently whereas, during th:e‘?:' :

summer southerly winds become dominant.with southeasterly. winds occurring most: " . |

frequently (Baumann, 1987).: . RS I R S

Hydrology
The Barataria Basin is a meteorologically forced, micro-tidal estuary (Boesch et al,
1989). Water movement through the basin is a function of tidal influence, winds and
precipitation. The combination of these influences creates slow moving

promotes sheet flow over the wetlands (Conner and Day, 1987). Seasonal water level in




the basin exhibits a bimodal distribution with maximum water levels occurring in the
spring. due to precipitation and runoff, and summer, due to an expanding Gulf water
mass (Baumann, 1987). The spring peak is discernable but considerably attenuated for

locations in the lower basin. This is attributed to a decreased upland runoff influence

(marine dominance) for the lower basin (Baumann, 1987).

The natural hydrology of the basin has been altered extensively by human activities such
as, channel dredging and levee construction (Turner and Cahoon, 1988). For example,
leveeing of the Mississippi River has effectively eliminated the major fluvial input of
freshwater and sediments to the basin. Precipitation is now the primary source of
freshwater. Linear canals dredged to depths greater than the surrounding bay bottoms
promote the intrusion of high salinity water into the interior basin, and also provide

efficient conduits for the transport of materials out of the basin. The overall effect of

these activities has been to decrease the transfer of sediments to the marsh surface,

thereby decreasing the sustainable marsh area of the basin.

*

Material Transport -~ <.~ - - -5 @ 5 ¥ e

The transfer of material (e.g. silt, clay, organic matter and ”nuﬁ'ients) within the basin

depends on water movement. Before the river was leveed, the bulk of material transport
occurred in the spring in relation to the annual Mississippi River flood. Presently,
maximum water exchange in the Barataria occurs in the fall and winter in response to the

-~

average of over 5 frontal passages occur per month (Baumann, 1987). As a cold front
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approaches the coast. southerly component winds strengthen and push water into the
basin, flooding the marshes. After the front passes, northerly component winds become
dominant and push the water out of the basin, draining the marshes. Water level
variability in the marsh approaching 1m d”' has been documented in relation to wind
stress (Muller, 1979). This scenario is repeated for each frontal passage and has been
shown to be important for material transport in the basin. Storm passages are now the
only mechanism that transports sediments to the surface of the marsh. A study of the
seasonality of marsh accretion indicates that as much as 75% of the annual accretion
results from winter storm passages, in years when tropical storms did not impact the
basin (Baumann et al., 1984). The source of these sediments is primarily resuspended

bottom sediments from lakes and bays (Madden et al., 1988).

Theory

Predicting Re&dspension from Wind-Induced Waves .

Surface waves are produced when wmd blows across a body of water A wave travelmg"

in water w1th a dep;ﬁ. (8) thélt” 1; greater than one-né]r}tne Wavelength (L) is classmed asa’
deepwater wave (Pond and Pickard, 1983). As a deepwater wave propagates, surface
water particles move in an approximately circular path (Fig 3). The radius of this path
decreases exponentially with depth, approaching zero at L/2 (Pond and Pickard, 1983).
When d < 1/2L, the wave motion reaches the bottom and the wave transfers energy to the

bottom sediments, possibly causing resuspension. Therefore, wavelength (L) is the
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critical parameter for characterizing resuspension for a given water body. Wavelength is

related to wave period by

L=gT2n, (1)

where g is gravitational acceleration (9.8 m s) and T is the wave period (CERC, 1984).
The period of wind induced waves is determined primarily by wind velocity, wind fetch

and wind duration. If 24 hour resultant wind vectors are used, then T can be predicted

from the wind velocity (U) and fetch (F) given that (CERC, 1984)

2

gT./Uy = 0.2857(gF/U)"",

J. is a wind stress factor and is determined from

el ~ &

Uy = 0.71(URp™%.

orrection factot, which is de

AN ER SR TR e

difference between the water and air and is expressed as

Rr=AT.-T), 4)

where T, and T, represent the temperature of the air and surface water. When temperature

information is not available a value of 1.1 is recommended for Rr (CERC, 1984).

0
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Remote Sensing of Suspended Sediments

The optical properties of water, in the visual portion (400 — 700 nm) of the
electromagnetic spectrum, result from the concentrations of suspended and dissolved
constituents in the water column. A quantitative application of remote sensing to the
study of ocean optics requires an understanding of how the total spectral signal measured
at a remote instrument can be partitioned into water-leaving and non water-leaving
components. The total radiance (L;) measured at the sensor can be written as

Li(A) =Ly () + Ly (A) + Leg (), ©)]

where ¢ is the diffuse transmittance of the light through the atmosphere, A is the sensor
band or wavelength, L., is the water-leaving radiance, L, is the radiance attributed to

atmospheric scattering, and L, is the radiance attributed to sunglint from surface water.’ - :

It is the water-leaVing component that contains information on the water conStituéxi:t's;f?*" 2

while the non water-leaving component is related to viewing the water through th

atmosphefe. =

S S S SN

By avoidiﬁg regions of an image tﬁaﬁ contéén suﬁglin;; Lsg can be omi%ted from equatioﬁ
5. The atmospheric path radiance (L) is estimated by applying the clear water
subtraction technique (Gordon et. al., 1978). This technique utilizes the fact that clear
water is a strong absorber of long wavelength energy (e.g. red and near-IR regions) and
in the absence of suspended particulates, Ly, = 0. Therefore, the radiance values

measured in these regions of the electromagnetic spectrum are due to atmospheric




scattering. The concentration and size distribution of aerosol particles is assumed
constant over the entire scene and the clear water radiance representative of the

atmospheric component at all wavelengths (Stumpf, 1987). The water-leaving radiance

can be extracted from the total radiance (L, (1)) by rearranging equation 5,
L (2) = {Le () = (La (A)} /1 (A). (6)

However, L, is not an accurate indicator of water properties as it is influenced as much
by the incident solar irradiance as the water quality (Robinson, 1985). By normalizing

the radiance measured at the satellite for the incident light field at the ocean surface (Eq),

we obtain remote sensing reflectance
Res () = Ly (W/E4 (A), (7)

which is directly related to -water turbidity. (Stumpf, 1987). Eq4 is calculated by .

propagating the solar n'radlance at the top of the atmosphere (Eo) to the ocean surface by.""“'"'

:correctmg for the sun 0 al i , un dlstance ana 1s glven by

0o, where E, =E, [1 +0.0167 cos {21:(D=3)] D is the Julian day of data ccllectxon, Eois

the mean solar constant and 0, is the solar zenith angle (Stumpf, 1987). Therefore,

Res(2) = L(A)/E, (%) cos (65) T, ®

where atmospheric attenuation of E, (from the sun to the earth) is represented by 7.

10
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“The resulting quantity is

Methods

Seasonal Turbidity via Remote Sensing

AVHRR level b Local Area Coverage (LAC) and High Resolution Picture Transmission
(HRPT) imagery was obtained from the NOAA Satellite Active Archive
(http://sit.saa.noaa.gov/). Channel 1 and 2 data for images that contained little or no cloud
cover in the study region were processed and analyzed using the ENVI (Research
Systems, Inc., Boulder, CO) software package. The radiances were georeferenced and
converted to percent reflectance using a one-step algorithm (Di and Rundquist, 1994).
This algorithm applies the auxiliary parameters (e.g. calibration coefficients, Earth
location, solar-zenith angles) appended to level 1b data to remove geometric and
radiometric errors. The calibrated reflectances were used to calculate the remote sensing
reflectance of Eq. (8). The atmospheric transmissions t and T; were taken to be unity,
which leads to Rgs values that are underestimates of the true reflectance. In this study we |
are interested only in the relative differences in reﬂéctance values among the pixels in ai‘
particular scene, and therefore, the actual values of t and T are not important. The clear .

water reflectance was subtracted from the total reflectance R, of each pixel in the scene.”

e e R A
: S e O
S TR S Ve PR N .

Rrs = (R, — RJ/E, cos 6, (%)

where R represents the total reflectance measured over clear water.

11




Wind Characteristics

Hourly wind data (direction and speed) were obtained from the NOAA National Data
Buoy Center NDBC) (http://seaboard.ndbc.noaa.gov/) meteorological buoy located just

south of Grand Isle, Louisiana (buoy ID = GDIL1). The data were normalized to wind

speeds 10 meters above the sea surface using

Ur10m) = Uz) (10/2)", (10)

where U represents wind speed in m/s and z represents the height above sea surface that
the winds were measured (CERC, 1984). This equation is valid for winds measured over
water when z <20 meters (CERC, 1984). The normalized wind data were used to
characterize seasonal winds and to drive the resuspension model. Wind data were divided
into 10 periods covering the time frame from Sept. 23, 1995 to Jan. 4, 1997. These
periods were further grouped into seasons: fall and winter encompassed Septembel; -

through February; spring included March ,throug'h May; wlﬁle summer included the -

months of June through August.

Modeling Wind—]nduéé? Resusp;nsron
A computer program was written to calculate fetch (F), critical wind speed (Uo),
wavelength (L) and wave period (T) across a body of water, for winds of any speed
blowing from the eight compass directions as defined in Figure 4. Navigation charts
were digitized to provide shoreline boundaries and bathymetry for the program. A file of

each of the model parameters was generated for each program run. These files were

12
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 This wind data was used for the model run Tl_lﬁetimo

imported into ENVI for processing and visualization. The following parameters were

calculated from equations 1 and 2 above:

T, (critical wave period) = (4/rd/g)’ &

Uk (critical wind speed) = [1.2{4127(T2/F)} %)
T (significant wave period) = [0.2857(gF)" U /g
L (wavelength) = gT‘é/Zﬂ

RP (resuspension potential) = U-U..

Resuspension Model Validation

Because no in situ turbidity measurements were available to check the validity of the
resuspension model, we compared reflectance values from the satellite imagery to model

predictions of resuspension potential. Thus, an image of U; for a water body,‘-

corresponding to the wind characteristics from a glven day, was compared to the AVHRR"

image collected on the same day. Specifically, the 24 hour. resultant wind vector was -

calculated for a given day that a useable (1 e. cloud frec) AVHRR image was avallable

AT SR ;
resampled to 1km resolution to permit direct comparison w1th the satellite imagery.

Corresponding transects were then subsampled to obtain Ue and reflectance data. The U;

data were then subtracted frém the mean wind speed (U) for that day to produce the RP

parameter. The model was validated using data from Lake Pontchartrain because
advective inputs to the lake were minimal compared to water bodies within the Barataria

Basin (advective inputs will tend to skew the reflectance data either higher or lower

13
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‘(Flgure 5). However, dunng summer months southerly component wmds becam ;3

depending on the source of the advected waters). Lake Pontchartrain is a large (1645

km?). shallow (average depth is 4 m) water body located on the northern boundary of the
study area and is hydrologically isolated (i.e. the majority of suspended material in the

water column is generated from within the lake) in comparison to the open water bodies

within the Barataria Basin.

Results and Discussion

Seasonal Wind Forcing

Wind data exhibited expected trends, with the strongest winds occurring in the fall,
winter and early spring in conjunction with cold front passages. Mean daily wind speeds

ranged from 5.7 m/s in the fall to 2.8 m/s in the summer (Figure 5). Northerly component

winds (i.e. winds from the NW, N and NE) were always:- stronger than southerly -
component wmds (1 e. winds from the SW, S and SE), with the exception of late spnng

and summer (Flgure 5). Dunng fall and winter northerly component- wmds were; .

dominant and averaged 6. 5 m/s whlle southerly component wmds averaged 3 6 m/s

dominant and averaged 2.9 m/s, while northerly component winds averaged 1 m/s

(Figure 5).

The directional distribution of wind energy (U?) for this study (Table 1) reveals that
northerly component winds were the primary forcing agent, accounting for 58% of the

total wind energy; while southerly component winds contributed 26% of the wind energy.

14
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A seven year average for directional wind energy distribution (Table 2) returned values
of 52% and 26% for northerly and southerly component winds. Therefore, it appears that
for a typical year the net transfer direction for water-borne materials (i.e. dissolved and
particulate materials) should be southerly. Ultimately, what controls the affect of these
northerlies on the basin, for a given year, are the characteristics of cold front passages
(i.e. orientation to the coastal environment, strength, speed and direction of propagation).
However, in years when a tropical storm or hurricane impacts the basin, the directional

wind energy distribution could be significantly influenced (i.e. depending on the path of

the system).

Resuspension Model Results

For a given scenario of wind speed, direction and fetch over water, as the resuspension - -

s

potential increases above the value of zero, a concomitant increase in water column .

turbidity, here measured as reflectance, should result. Model estimates of resuspensioﬁw.i: P
potential (RP) show good agreement with satellite reflectance data (Figure 6) for Lakc“J :

Pontchartrain. The covariance between RP and % reflectance indicates that the model: -

Model estimates of U, for Lake Salvador, Little Lake and the lower Barataria Basin were
calculated for each of the eight wind directions indicated in Figure 4. Contour plots of U
for due north and south winds for each water body are depicted in (Figures 7 - 9).
Because of the shallow nature of these water bodies, areas of resuspension are primarily

determined by the fetch. Therefore, critical windspeeds are high near the windward
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shores of the water bodies and low near the leeward shores. Areal estimates of bottom

sediment resuspension are given as a function of wind speed and direction in Tables 3, 4

and 5 for the same water bodies.

Seasonal Resuspension Characteristics

From the characterization of winds during each period of this study and model estimates

of U;, we can begin to quantify the characteristics of resuspension (i.. frequency,

duration and areal extent) in the Barataria Basin. During the fall, winter and early spring
(i.e. periods 1 — 4, 9 and 10) northerly combonent winds accounted for more than 65% of
the wind energy during each period (Table 1). These periods also exhibited the highest
mean daily wind speeds for this study (Figure 5). Areal resuspension estimates (Tables 3,

4 and 5) indicate that the windspeed necessary to affect 50% of bottom sediments in each.
water body, is 4 m/s. The region affected is much smaller for lower windspeeds. For
northerly component winds of 4 m/s, more than 50% of bottom sediments in each wate;; )
body were subject to resuspension, primarily on the southern side (Figs. 7, 8, a;nd 9). -

During spring and summer (ie. periods 5 — 8) southerly component winds accounted for -
more than 50 % of the wind energy during each period (Tabl
exhibited the !owes-t mé‘:a_ln‘ dmly wmd speeds fbf this study (i’igure 5). Areal
resuspension estimates (Tables 3, 4 and 5) indicate that for southerly component winds of
4 m/s, over 45 % of bottom sediments in each water body were subject to resuspension,
primarily on the northern side (Figs. 7, 8 and 9). During summer months, (periods 7 and
8) west and east winds contributed significantly to the total wind energy; west winds

accounted for approximately 20 % of wind energy during period 7, while east winds

le 1). However, these periods - = -
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accounted for approximately 30 % of the wind energy during period 8 (Table 1). Again,
areal bottom sediment resuspension estimates in Tables 3, 4 and 5 indicate that greater
than 55 % of bottom sediments, in each water body, were subject to resuspension for
easterly or westerly winds of 4 m/s. Winds of this magnitude (4 m/s) occurred during all
periods of this study; and indicate that significant resuspension events should occur
throughout the year as well. However, fall, winter and early spring appear to be the times
when resuspension is most intensive (i.e. highest wind speeds) and frequent (i.e. wind
speeds were greater than 4m/s approximately 80 % of the time) (Figure 10). In contrast,
summer appears to be a time of lower resuspension intensity (i.e. lowest wind speeds)
and lower frequency (i.e. wind speeds were greater than 4 m/s approximately 35 % of the
time) (Figure 10). However, it should be noted that the frequency of thunderstorm

occurrence is at a maximum during summer months (Hopkinson et. al., 1985), and.

because of their limited spatial influence most of these thunderstorms are not included in

the wind data utilized for this study.

Seasonal Deposition
In conjunction with the water column resuspension work presented here; s
Ca et R P . . . . .

A s B

deposition and erosion of particulate material to bottom sediments were investigatédﬂ

(Booth et al., 1999). By utilizing a naturally occurring radioisotope (i.e. "Be) as a tracer

of particulate material, Booth et. al., 1999 quantified rates of net particle deposition and

erosion at two contrasting sites, Little Lake (LLN) and Live Oak Bay (LOB), in the lower

basin. The LLN station was located in a shallow (~ 1.5 m), large (~ 114 km?) lake and

was unprotected from wind éxposure (i.e. large fetch). In contrast, the LOB station was

17




located in a shallow (~ | m depth), small (~ 1 km®) water body which was adjacent to the

littoral edge of the surrounding wetlands, and more protected from wind exposure (i.e.

small fetch). Sources of particulate material to the LLN station would include
resuspended sediments from Little Lake as well as from water bodies north and south of
the lake depending on the duration and strength of prevailing winds. Sediment sources to

the LOB site include material from the surrounding marshes as well as resuspended

sediments from water bodies south of the station (e.g. Hackberry Bay and Barataria Bay).

Particle deposition occurred throughout the study period (15 months) at each station
(Figure 11). The annual déposition measured at the LLN site was primarily accounted
for during two periods of contrasting winds, periods 5 and 9. In period 5 an abrupt shift
from northerly to southerly dominant winds occurred (Table 1) resulting in the highest

rate of sediment deposition measured at the LLN site (Figure 11). In contrast, during

period 9 winds shifted from southerly to northerly dominant (Table 1) resulting in an ... .
intense erosional period (Figure 11). Spring and summer accounted for 75% of the net o

sediment deposition which occurred at the LLN site. The annual deposition measured at Lo

the LOB site was pnmanly accountcd for &unng the Iail wmter and eariy spring, p

1 through 4. Durmg fhese perxods greater thag 60% of the net sediment deposition for "

the 15 month study was accounted for (Figure 11), and winds were primarily from the

north (Table 1).

The results derived from a combination of radioisotope, remote sensing and modeling

techniques indicate that the annual transport of sediments (i.e. resuspension,

18
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redistribution and deposition) in the Barataria Basin varies seasonally. Down basin

transport dominates during the cold front season (i.e. fall, winter and early spring) and up
basin transport dominates during the late spring and summer. Further, sedimentation at

any site will vary in relation to the orientation with the dominant winds and the size of

the water body.

Summary

Data and results presented here indicate the following:

Model predictions of sediment resuspension in Lake Pontchartrain (estimated from wind
speed information and models of wind induced wave characteristics) show good

eement with surface water reflectance (i.e. turbidity) derived from satellite imagery.

Based on this validation the seasonal characteristics of resuspension for the Barataria -

Basin were described.

Bottom sediment resuspensmn occurs throughout the’ year in the Baratana Basm Annual

characteristics for resuspension mdlcate that in fall, winter and early spring resuspension
events are most frequent (mean wind speeds averaged ~ 5 m/s) and intensive (dominant
wind speeds averaged ~ 6.5 m/s). Northerly component winds are dominant during these
times and result in the down basin transfer of water and suspended materials. In contrast,
late spring and summer exhibit less frequent (mean wind speeds averaged < 3 m/s) and

less intensive (dominant wind speeds averaged ~ 3 m/s) resuspension events. However,
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southerly component winds dominate during these time periods and result in an up basin

transport of water and suspended materials. Thunderstorms occur with the highest

frequency during the summer months and likely result in localized affects of resuspension

and redistribution, as compared to the basin wide transport mentioned above.

Areal estimates of bottom sediment resuspension (based on contour plots of critical wind
speed) indicate that northerly or southerly component winds of 4 m/s resuspend
approximately 50 % of bottom sediments in Lake Salvador, Little Lake and the lower
Barataria Basin. Winds of this magnitude occur most frequently during the fall and
winter (i.e. > 80 % of the time), and least frequently during late summer (< 30% of the
time). Areal resuspension estimates indicate that at winds of 10 m/s greater than 80 % of

bottom sediments experience wave induced resuspension in the water bodies examined

here.
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Figure Captions
Location of the Barataria Basin with major water bodies identified.
Habitat map of the Barataria Basin (from Conner and Day, 1987).

Water particle motion for deepwater waves (from the U.S. Army Coastal
Engineering Research Center, 1977).

Wind data grouped into eight directions according to the diagram above.

Mean daily wind speeds for each time period. Northerly and southerly winds
include westerly and easterly components (i.e. N, NW, NE and S, SW, SE).

Model prediction of resuspension potential (RP) vs. AVHRR channel 1
reflectance. Reflectance (or water turbidity) exhibits good agreement with
model estimates of when resuspension should occur (i.e. RP values of 0 and

above).
Isopleths of U, (m/s) in Little Lake. Isolines represent the windspeed required

to induce resuspension for a north wind (360°) (A) and south wind (180°) (B).
Each contour represents the region that would be subject to resuspension at

the indicated wind speed.

Isopleths of U, (m/s) in Lake Salvador.
required to induce resuspension for a north wind (360°) (A) and a south wind

(180°) (B). Each contour represents the region that would be subject to .

resuspension at the indicated windspeed.

Isopleths of U, (m/s) in the lower Barataria Basin. Isolines represent the wind
speed required to induce resuspension for a north wind (360°) (A) and a south .

wind (180°) (B). Each contour represents the region that would be subject to
resuspension at the indicated wind speed. The black regions in the lower right-:
hand corners of this figure (i.e. below the islands) are not represented by the -

legend.
Percentage of time during each study period that the ‘average daily wind speed
was equal to or greater than 4 m/s.

Seasonal particle transport (deposition and erosion) rates to bottom sediments.

Isolines represent the wmdspeed '




Table 1. Directional wind energy distribution for each period of this study. Winds were
sorted according to Figure 5. Bold numbers at the bottom represent directional

totals and percent of total wind energy for this study.

Period NW N NE E SE S SW W Z energy (m’s™)
] 6.1 323 37.5 105 6.9 2.2 2.1 2.4 54358
2 8.8 38.8 17.6 83 5.4 5.8 3.1 12.2 40488
3 27.7 29.2 9.1 8.1 9.3 6.0 6.2 43 44884
4 15.6 354 16.0 5.7 9.0 42 3.1 11.0 38882
5 9.0 16.3 8.6 83 44.0 10.4 2.0 1.3 31582
6 72 5.4 59 11.1 21.1 29.5 10.2 97 14365
7 10.8 43 41 10.7 175 | 16.1 16.8 19.7 19159
8 7.0 5.6 10.5 30.8 75 11.8 18.9 78 13759
9 56 235 499 8.7 75 4.0 0.1 0.8 37022
10 15.5 19.6 175 15.5 82 9.2 47 9.7 48219

Total | 41833.4 | 85806.3 | 70521.8 | 36118.4 | 41653.1 | 26017.7 | 16604.1 | 24076.1 342718.0
% 12.2 25.0 20.6 10.5 12.2 7.6 48 7.0 100
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Table 2. Directional wind energy distribution for 1990 through 1996. Winds were sorted
according to Figure 5. Bold numbers at the bottom represent directional totals and

percent of total wind energy during the seven-year period.

Year NW . N NE E SE S SW W T energy (m’s™)
1990 12.0 22.8 14.8 18.6 15.9 6.8 3.8 5.2 253181.1
1991 8.6 15.1 21.4 20.5 16.3 8.7 4.4 5.1 296282.4
1992 10.0 18.2 24.7 14.9 12.0 6.8 6.4 6.8 269045.5
1993 14.0 20.1 18.9 16.7 10.6 6.7 4.6 8.3 285808.7
1994 11.6 20.8 22.5 15.8 10.5 7.7 6.0 5.2 2745717.6
1995 10.2 24.0 20.7 12,9 11.6 9.1 4.8 6.8 315524.1
1996 15.1 20.1 17.1 10.8 14.3 9.0 5.8 7.9 297216.9
Totals* | 231694 | 401456 | 399265 | 311833 | 259065 157042 101882 | 129507 1991636.2
% i1.6 20.2 20.0 15.7 13.0 7.9 5.1 6.5 100.0

¥
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Table 3. Cumulative bottom sediment resuspended in Little Lake. The numbers
under the wind direction headings represent the percent of bottom
sediments (on an areal basis) that are resuspended at the wind speed in
the left column. The percentages are cumulative as wind speed

increases.

Bottom Sediment Resusperision (%)
U. |NW @BI5)|N (360°)[NE (45°)| E (90°) |SE (135°)| S (180°) | SW (225°) | W (270°)

2 18.4 18.4 6.3 23.1 19.5 21.1 10.6 24.2
4 47.8 50.2 36.0 | 59.3 48.2 50.7 36.6 59.7
6 62.0 68.2 58.7 | 731 62.5 65.4 54.6 72.5
8 71.4 76.5 703 | 79.6 71.0 74.2 67.1 79.7
78.1 81.9 77.1 83.9 76.8 79.6 74.5 84.3




Table 4. Cumulative bottom sediment resuspended in Lake Salvador.

The

numbers under the wind direction headings represent the percent of
bottom sediments (on an areal basis) that are resuspended at the wind
speed in the left column. The percentages are cumulative as wind

speed increases.

Bottom Sediment Resuspension (%)
U. |NW (315%|N (360% [ NE (45°) [ E (90°) |SE (135%)[ S (180°) | SW (225°) |W (270°)
(m/s)
2 0.0 28 1.9 29 0.9 4.8 6.9 2.9
4 32.0 _53.0 60.6 58.6 30.3 55.2 56.5 61.6
6 63.7 72.3 74.8 74.2 54.3 71.7 72.0 77.2
8 68.6 80.8 81.5 82.4 68.6 79.8 79.8 83.7
10 76.9 85.2 85.6 86.5 76.1 84.2 84.3 87.4




—

5. Cumulative bottom sediment resuspended (%) in the lower Barataria

Table
Basin. The numbers under the wind direction headings represent the
percent of bottom sediments (on an areal basis) that are resuspended
at the wind speed in the left column. The percentages are cumulative
as wind speed increases.
Bottom Sediment Resuspensibn (%)
U. [NW (315°)|N (360°)[NE (45%] E (90°) | SE(135°) | S (180°) [ SW (225°)| W (270°)
(m/s) .
2 16.6 284 18.3 293 20.3 324 23.2 28.9
4 47.5 62.6 50.6 57.1 48.4 594 48.7 57.2
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